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Abstract
Research suggests diet intake among adults lacks in healthfulness, which contributes to
poor quality of life and increased disease outcomes. This study assesses the relationship between
diet quality, using the Healthy Eating Index (HEI), and presence of physical activity (PA).
Participants included 11,167 adults ≥ 20yrs with valid NHANES 2007–08 and 2009–10 diet
interviews and PA questionnaires. Subjects were divided into sedentary, 1–149 minutes per week
of PA (moderate exercisers) and ≥150 minutes per week PA (meets or exceeds PA guidelines)
groups based on guidelines set by the Department of Health and Human Services. Dietary
interviews were scored for quality using the HEI. Those engaged in PA had higher total HEI
scores (50.7 and 49.8) compared to sedentary adults (45.9). Individual dietary component scores
showed mixed results, but indicated better diet quality in active individuals over sedentary
individuals. These results can be used to improve diet quality in adults by providing insight into
current practices.
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Chapter 1: Background
Poor dietary and lifestyle behaviors add to negative health outcomes in the American
population. Several chronic diseases including obesity (and all associated complications),
diabetes, heart disease, coronary artery disease, some cancers, and osteoporosis are largely
preventable through healthy eating habits. Over one-third of American adults are obese which
equates to nearly 79 million individuals.1 The effects of unhealthy eating are widespread and cost
the US billions of dollars every year. Obese individuals incur medical costs that average almost
$1,500 more than their normal weight peers and the total annual cost of obesity comes in at
roughly $147 billion.2 This number excludes costs of diet-related preventable diseases that are
independent of obesity. Obesity and other diet-related chronic health conditions are ongoing
issues that have yet to lose momentum. According to data gathered from the National Health and
Nutrition Examination Survey (NHANES) by the National Center for Health Statistics, obesity
rates among adults have more than doubled since 1960.3 The benefits of healthful eating are
known to have positive effects on the battle against obesity, yet the health industry has been
unsuccessful at implementing these behavior changes in individuals.
Of the hundreds of health indicators assessed by the Institute of Medicine, nutrition ranks
within the top twenty of importance.4 Improving diet quality and healthful eating is a way to
increase the health of our population and to begin to decrease the issues associated with
overweight, obesity, and other chronic preventable diseases. A major deficit in the US is the lack
of adherence to daily recommendations for food intake. The committee for Healthy People 2010
reviewed progress on their objectives to increase consumption of fruits, vegetables and grains
and reported little to no improvements.5 Fruit, vegetable, and whole grain consumption are key
markers of a healthful diet, as are the control or decreased consumption of saturated fat, sodium,

and added sugars.6 In the population of American adults, it is clear that mean/average dietary
intake is far from meeting USDA dietary recommendations. This lack of dietary compliance
leads to a multitude of poor health outcomes, which emphasizes the need to begin focusing more
on nutrition and quality of diet. One strategy to close the gap between poor eating habits and a
quality diet is to look at habits that already exist and expand upon them instead of constantly
trying to develop new diet fads.
Statement of Problem
It is a common assumption that healthy eating patterns and exercise habits go together.
Individuals who put an importance on healthy living through an active lifestyle and include
moderate to vigorous exercise on a regular basis are assumed to be eating a more healthful and
balanced diet than non-exercising individuals. By examining the reality behind this assumption,
dietitians and healthcare professionals will be better able to counsel individuals and populations
toward better eating habits by starting with the need to include regular exercise.
Currently, there are many studies researching restrictive diets combined with exercise to
evaluate intervention of diet only vs. combined diet/exercise programs on weight change. Most
research on exercise is in combination with weight loss efforts or to evaluate impact on a health
condition. However, there is a lack of research that links regular exercise with choosing healthful
eating habits. Having healthful eating habits and regular exercise is the basis for a strong quality
of life that leads to a reduced risk of many chronic diseases.
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Purpose Statement
The purpose of this study is to assess the relationship between time spent being
physically active and diet quality. This study examined three groups of active adults: sedentary,
moderately active, and meets and/or exceeds physical activity guidelines, against their diet
quality based on the Healthy Eating Index scoring system using NHANES data sets from 2007–
08 and 2009–10.
Research Objectives
1.

Evaluate the diet quality of adults engaged in varying degrees of physical activity.

2.

Determine the association between time spent being physically active and diet quality.

Hypotheses
1. We hypothesize that those engaged in any amount of physical activity will have a
significantly higher total Healthy Eating Index and better overall diet quality than those
engaged in no activity. We further hypothesize that those engaged in physical activity
will have significantly better scores for specific diet components of the Healthy Eating
Index; higher consumption of fruit, whole grains, green vegetables, and lower
consumption of sodium, added sugars, and enhanced ratio of unsaturated to saturated
fatty acids, than the sedentary group.
2. We hypothesize that there will be a positive correlation between time spent being
physically active and diet quality, whereby as time spent being physically active
increases, diet quality will also improve.
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Chapter 2: Literature Review
Two major factors in health, wellness, and disease prevention are eating and exercise. No
suspicion exists on whether improving these two factors results in better health outcomes. Many
studies have evaluated the effectiveness of types of diet plans or exercise regimens on various
health indicators (e.g., weight control, motivation, aging, disease prevention). Other studies seek
to find the ideal way of enforcing these two tasks. Here, the recommendations for exercise and
eating are reviewed along with the research that supports how these recommendations are being
upheld. Literature evaluating the connection between food and health, exercise and health, and
food and exercise will also be reviewed.
Components of a Healthy Diet and Consumption Reality
There are many ways to evaluate eating habits. Some standards have been defined as to
what constitutes a healthful diet for American adults. The Dietary Guidelines for Americans are
established by the United States Department of Agriculture (USDA) and put forth in a
comprehensive document. These guidelines are revised every five years and a new edition was
released in 2015. According to the 2010 guidelines, Americans should increase fruit and
vegetable intake with particular attention to increasing variety of vegetables, consuming at least
half of all grains as whole grains, and eating foods that increase nutrients of concern such as
vitamin D, calcium, fiber and potassium.6 Key recommendations on what to limit include
keeping consumption low for sodium, saturated fats, refined grains, and added sugars.6
Current Dietary Guidelines for Americans set by the USDA recommend that adults
consume two servings of fruit and three servings of vegetables a day at minimum.6 Reports from
the Centers for Disease Control and Prevention (CDC) show that only one-third of adults are
4

consuming fruit two or more times a day, ranging from 34.4% in 2000 to 32.5% in 2009 with
lower percentages of adults who consume at least three vegetables per day.7 Specifically, this
2007 report showed that only one quarter of the population (26.3%) consumed three or more
vegetables daily.7 King and colleagues8 assessed the adherence to a healthy lifestyle using
NHANES data. They looked at five trends of healthy living: produce intake, weight status,
moderate drinking, regular physical activity, and smoking status. Using data from adults, the
team looked at years 1988–1994 compared to 2001–2006 and found that among those over 18
years, adherence to a healthy lifestyle has worsened. The percentage of adults consuming five or
more servings of fruits and vegetables a day dropped from 42% to 25% (p<0.05).8 Consumption
of vegetables in adults saw no improvement towards the Healthy People 2010 objective and has
been made a leading health indicator, meaning it is a high priority health issue, in the Healthy
People 2020 objectives.9
Yet another factor in a healthful diet is the consumption of whole grains. The Dietary
Guidelines recommend that adults consume at least three servings per day.6 Unfortunately, the
American population is far from meeting this dietary goal. Reicks and colleagues10 used
NHANES data from 2009–2010 to assess fiber intake and found that 42% of adults consumed no
whole grains at all. Although there has been recent debate about sodium intake, the current
recommendations are set at 2300 mg for adults not at risk for cardiovascular health issues.6 This
is below the reality of what the average adult is consuming, which is at roughly 3500 mg per
day.11
While the Dietary Guidelines for Americans is a very detailed document of what it takes
to have a health promoting lifestyle, it may be complicated for the average person. MyPlate is a
5

useful tool for the general public looking for a balanced, non-therapeutic diet. This tool helps
bridge the gap between the Dietary Guidelines and each real-world eating situation. Using this
method helps to structure portion control and food group balance, two big factors in a healthful
diet. The Choose My Plate website12 is also a user-friendly way to get insight into healthful
eating habits and practical nutrition recommendations. Even with accessible resources, there still
exist large discrepancies between nutrition recommendations and the reality of what is
consumed. For example, the MyPlate website resource advises that adults have a daily limit for
empty calories based on daily calorie needs. However, empty calories are consumed in amounts
that exceed these recommendations.13 Empty calories are known to be those that lack nutritional
properties while being calorically dense. These calories are also referred to as SoFAS, an
acronym for the sum of calories from solid fats and added sugars.
Food Surveys Research Group, led by Sebastian and colleagues,13 analyzed NHANES
data and concluded that, on average, men consumed 934 calories and women consumed 624
calories per day from SoFAS. This is over one-third of daily calories coming from nutritionally
lacking sources based on a 2,000 calorie diet. Malik and colleagues14 reported the average daily
intake of empty calories from added sugar alone was estimated to be 15.8% of daily calories,
which equates to 318 calories per day based on a 2,000 calorie diet. Suggested intake of added
sugar by the American Heart Association15 is 100–150 calories per day, far below the previous
finding of actual intake. Healthy People 20209 has recognized this over consumption of SoFAS
and set an objective to lower the intake to 29.8% of added sugars, accounting for no more than
10.8% of daily calories.
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Another method to quantify what a healthy diet amounts to is the Healthy Eating Index
(HEI). This is a method established in 1995, and since updated, to score diets based on 24 hour
recalls.16 This score is reflective of diet quality and is an ideal method for evaluating groups or
large populations based on a simple, straightforward set of parameters. Points are given for
consuming enough of the positive diet influencers; produce, whole grains, dairy, proteins, and
fatty acids and points are deducted for over-consuming negative diet influencers such as refined
grains, sodium, and overall empty calorie sources.17 Once the 12 dietary components are scored,
a total closest to 100 reflects a healthful diet, while the lower the score, the further away one is
from a healthful diet.18 A total HEI score of 80 points or higher reflects a diet of high quality,
between 50 and 80 points means the diet needs improvement, and a score less than 50 represents
low diet quality.17 This method is useful for associating overall diet quality with other lifestyle
factors.
Guo and colleagues19 found that lower HEI scores were more prevalent in overweight
and obese individuals. HEI scores were also utilized by Drewnowski and Rehm20 in their study
on how low calorie sweetener use affects overall diet quality. They evaluated the HEI score
against nine years of NHANES diet recalls (22,321 total diet surveys) for adults consuming low
calorie sweeteners and found low calorie sweetener users consumed significantly more whole
grains and vegetables, (p<0.001).20 O’Neil and colleagues21 looked at data from 8,861 adult diets
from NHANES 2003–2006 for an association between consuming 100% orange juice and
improved HEI scores. Results showed that those consuming 100% orange juice had HEI scores
significantly higher in categories of whole grain consumption and whole fruit consumption along
with significantly higher HEI scores for overall diet quality.
7

There are many studies that show that American adults are not consuming healthful diets.
One example is the work done by McCullough and colleagues22,23 in evaluating the adherence of
diets to the Dietary Guidelines in two separate studies, one evaluating women and the other men.
With a sample size of 67,272 US female nurses,22 HEI total scores were determined from dietary
recalls and averaged 64; 100 being the best diet quality and 0 being the lowest, meaning that this
large population of women needed improvements in their diets. The 51,529 men sampled were
found to have the same total HEI scores; averaging a score of 64.23 HEI scores are beneficial in
evaluating diet quality in accordance with the Dietary Guidelines. By evaluating the individual
dietary component scores along with the total HEI score, a more detailed view of dietary
compliance and shortfalls can be identified. McCullough and colleagues took this comprehensive
approach and looked at numerous factors including, but not limited to physical activity, total
HEI, vegetable servings, milk servings, alcohol intake, and multivitamin use.
Whether looking at preventable chronic disease rates, obesity statistics, or nutrition
guidelines, there is a definite lack of emphasis on consuming a healthful diet. A factor in this is
that doctor visits including nutrition counseling are on the decline, according to the Healthy
People 2010 Final Review.24 One key reason for this decline in nutrition counseling is that
primary care physicians are not sufficiently trained to give dietary advice.25 This is a large factor
in continuing to close the gap between the dietary recommendations and reality of what is
consumed.
Components of Regular Exercise and Reality of Compliance
There is no lack of evidence when associating exercise with positive health benefits.
How exercise relates to disease outcome and quality of life has been extensively studied.
8

Physical activity works to strengthen the skeletal system, increase blood flow, lubricate joints,
maintain joint stability, strengthen muscles, and reduce risk of injury. Exercise recommendations
for the American population are set by the Office of Disease Prevention and Health Promotion.26
For adults age 18–64, the guidelines are a mix of aerobic and strength activities with set
intensities and durations. One doing moderately-intense activities should complete at least 2 ½
hours of aerobic activity along with strength training of all major muscle groups twice a week.26
Aerobic activity should be at least 75 minutes per week for those choosing to do more intensity
and still include muscle strengthening twice a week.
Warren and colleagues27 conducted a 21-year longitudinal study in 7,744 adult men and
found that a sedentary lifestyle was a strong predictor of cardiovascular disease and that high
levels of physical activity were related to decreased incidence of such disease. A similar six year
study on women’s activity habits found that those who spent more time sitting were at higher
risk for developing diabetes and obesity.28 These conclusions are also supported by the work of
Boothe and colleagues29 who aimed to target how physical activity causes maladaptations of
chronic disease. Their conclusion was that human systems are aerobic in nature and failing to
engage in minimal daily physical activity is detrimental to overall health status. When looking at
overall health status, Lee and colleagues30 determined that inactivity leads to 9% of premature
deaths worldwide. Unfortunately, little progress has been seen in physical activity compliance.
Carlson and colleagues31 analyzed activity trends from 1998–2008 NHANES data and found
only 18% of adults met the physical activity guidelines for both strength and aerobic
components.
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Inactivity is a contributor to diseases that cost the US over $70 billion annually in related,
preventable healthcare costs.32 More physicians should be encouraging exercise as part of regular
patient guidelines and recommendations since 8 in 10 adults see a physician annually.33 Just
32.4% of adults were advised to exercise by their physician in 2010. Patients with a chronic
disease such as diabetes or obesity are more likely to have their physicians recommend activity,33
but recommendations to engage in physical activity are still far below an impactful percentage.
An objective for Healthy People 2020 is to “Increase the proportion of physician office visits for
chronic health diseases or conditions that include counseling or education related to exercise”.
The target is a 10% improvement from current standings of all adult and child physician visits
that include education related to exercise.34 Research shows the presence of physical activity can
improve these chronic health conditions and can improve the quality of life associated with them.
Association of Eating and Exercise Behaviors
Just like healthy eating habits, physical activity provides a strong foundation for good
quality of life with reduced risk of chronic disease. The two go hand in hand in promoting good
health outcomes. Instead of viewing these as separate, independent health factors, they should be
viewed as being dependent on each other for affecting health outcomes. Loprinzi and
colleagues35 have focused research on providing data on just this notion. In one of their crosssectional studies, they looked at how moderate-to-vigorous physical activity affected health
biomarkers compared to light physical activity. An interesting factor of this study was not only
looking at time spent active, but also comparing the two groups of physically active individuals
against how much time was also spent being sedentary. Those with more moderate-to-vigorous
activity compared to sedentary time had more favorable health biomarkers: BMI, waist
10

circumference, C-reactive protein, HDL, triglycerides, fasting glucose, and insulin sensitivity.
The authors35 recommended more attention be paid to increasing physical activity at all levels
while simultaneously decreasing sedentary behavior.
In a second study headed by Loprinzi along with a different set of colleagues,36 the
objective was to evaluate the combined effects of diet and exercise on overall health. Using
activity and dietary data from NHANES 2003–2006, four groups were established for study: (1)
healthy diet and active, (2) unhealthy diet and active, (3) healthy diet and inactive, and (4)
unhealthy diet and inactive. Thirty-four percent of participants fell into the most undesirable
category, unhealthy and inactive, while only 16.5% of participants fell into the healthiest group,
healthy diet and active. These results showed a lack of healthy eating habits and active living.
Researchers looked at whether participants met overall physical activity guidelines or not, but
did not separate physical activity into subgroups: moderate or vigorous. Those meeting physical
activity guidelines at any capacity were 32% more likely to practice healthier eating habits than
those failing to meet the physical activity guidelines. This study shows that relationships between
eating habits and physical activity exist. More research on this topic could lead to pinpointing
how these two factors may affect each other and how to strengthen these relationships.
Buman and colleagues37 researched how adults should spend their time in order to
improve health biomarkers. With the help of NHANES data they were able to show that exercise
may be the single best behavior to increase health. The research showed having thirty minutes
used for moderate to vigorous physical activity (MVPA) instead of thirty minutes used being
sedentary, was effective (p<0.05) in improving health standings versus those who allocated the
same time block for light activity or sleep. Specifically the reallocation of 30 minutes/day of
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from sleep to MVPA showed 2.5% smaller waist circumference, 25.3% lower C-Reactive
protein, 4.4% higher HDL levels, 9.3% lower triglycerides, and 1.7% lower fasting glucose.
The strength of exercise’s impact on health was also researched by Maher and
colleagues38 in a cross sectional analysis of 5,083 adults. They were able to determine the
relative risk of obesity based on time spent engaged in MVPA, television viewing, or being
sedentary. While it should not come as a surprise, those with MVPA had the lowest relative risk
of obesity. An important part of this study was its ability to show that small increases in time, 5–
10 minutes, spent doing MVPA were associated with a significant decreased relative risk of
obesity.
Two major factors contributing to activity levels are age and gender. These factors were
considered in research done by Martin and colleagues39 to observe the changes in non-sedentary
activity as men and women age. After looking at a four day NHANES activity measurement of
5,788 adults, they found that men were slightly more active in younger years but had a more
significant decline in activity while women’s movement remained more consistent throughout
the years.
Another factor thought to influence activity levels is location. Fan and colleagues40 used
NHANES activity data to test the theory of rural dwellers being less active than urban living
peers. Results of 5,056 adults sampled revealed that while vigorous activity was higher in the
rural population, and no difference was found in overall activity between rural and urban
locations. Figuring out which factors influence physical activities is key to being able to increase
physical activity levels in everyone.
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There is plenty of literature to show how diet and exercise interact with weight
management and disease outcomes. Unfortunately, however, there is not much documentation to
support theories that those who exercise have healthier overall diets. A meta-analysis by Curioni
and Lourenco41 looked at interventions that included diet or exercise and compared the outcomes
against programs that utilized both diet and exercise. The conclusion was that the combined
efforts resulted in greater, long-term results for weight management.
Another study looking at long-term weight loss by Jakicic and colleagues42 focused on
the use of intermittent versus traditional continuous physical activity. They included 148
sedentary, overweight women over an 18-month behavioral intervention. Divided into three
groups of long bout, short bout, and multiple short bouts of exercise, there was no significant
improvement by using short bouts over long bouts of physical activity although all groups did
increase fitness markers from baseline to the end of the study period. There was, however, a
difference in the ability to lose weight and keep it off; those who maintained a higher volume of
physical activity worked out the most time overall throughout the study saw the most weight
loss. The researchers concluded that there is a dose dependent relationship between exercise and
keeping weight off. This study reinforces why it is important to look at duration and intensity, as
well as total volume, of physical activity when studying the relationship of physical activity to
health and weight loss.
These data work to support the claim that diet and exercise could have an increased
cumulative effectiveness on health outcomes than they would separately. Matta and colleagues43
looked at motivational spillover between exercise habits and eating habits among 249 adults
engaged in a weight reduction program and found increased improvements in exercise predicted
13

better eating self-regulation. This study provided evidence that diet and exercise work together
during prescribed, intentional health programs. No research has been done to show that this
spillover occurs at an intrinsic level, without any outside counseling or intentionally
implemented health program. This strengthens the need to look at the underlying relationship
between eating habits and exercise habits and be able to put data behind the assumptions that
those who are concerned with having an active lifestyle are naturally inclined to eat a more
healthful diet.
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Chapter 3: Methods
Research Design
This is a cross sectional study that evaluates physical activity and healthy eating scores
data from the 2007–08 and 2009–10 National Health and Nutrition Examination Surveys
(NHANES). Public data sets from years 2007–2010 were accessed and information was
extracted that is needed for this specific research question. Components of the Healthy Eating
Index (HEI) were evaluated and an overall Healthy Index Score given. NHANES data was also
used to create groups based on varying levels of physical activity engagement for American
adults following physical activity guidelines for adults set by the Department of Health and
Human Resources. These groups were non-exercisers, moderately physically active, and
meets/exceeds guidelines.
Research Question
What is the relationship between diet quality and physical activity status: sedentary,
engaged in moderate amounts of physical activity, and those meeting or exceeding physical
activity guidelines for American adults 20 years and older?
Population
Adults age 20 years and over who participated in NHANES years 2007–08 and 2009–10
(n=11,167) with valid physical activity questionnaire and dietary intake data were eligible for
inclusion in this study.
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Data Collection
NHANES44 is a nationwide program of health data collection that began in the early
1960s by the Centers for Disease Control and Prevention to assess the health and nutritional
status of the American population. In 1999 the survey became an ongoing, continuous 2 year
cycle in order to promote stability and consistency of the data collected. The program utilizes a
three-step system of questionnaires, interviews, and a physical examination conducted at a
mobile examination center (MEC). Roughly 5,000 individuals are surveyed each year on a
plethora of health-related information. The sample population is intended to reflect the American
population as a whole. For this reason, some populations such as minorities, low socioeconomic
status, elderly, adolescents, and minority races are over sampled. The intent of NHANES is to
examine the health of the nation, assist with predicting future health needs, and provide public
data for research to be conducted. This study will take selected information from NHANES years
2007–08 and 2009–10 to evaluate the research question. The following details how the data are
obtained and outlines selection criteria for use in this study.
Physical Activity Data
The physical activity questionnaire (PAQ)45 includes questions relative to the
population’s age, daily activities, leisure time activities, and sedentary activities. Adults are
questioned at home using Computer-Assisted Personal Interviewing-CAPI (interviewer
administered) system (Figure 1 and 2). Completed PAQs with values of excessive activity time,
such as activity for >24 hours per day, were excluded. Out of the 19 questions asked on the PAQ,
it was determined that specific questions on moderate and vigorous activity would be used based
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on the response of yes or no to completing each type of activity and the total minutes per week of
each.
The Physical Activity Guidelines for Americans define adults as being physically active
by completing 150 minutes of moderate physical activity per week or 75 minutes of vigorous
physical activity per week. This definition of being physically active was used in this study by
looking at total minutes of physical activity. Total minutes of physical activity per week were
computed using the sum of moderate physical activity minutes per week and two times the
vigorous physical activity minutes. Individuals with 0 minutes of activity were categorized into
the sedentary group. Individuals reporting between 1 and 149 min/week were moderately
physically active. Those who reported completing ≥150 min per week were meeting or
exceeding the physical activity guidelines and were classified as meets/exceeds PA.

17

.
Figure 1: Physical Activity Sample Question for Vigorous Activity
Source: http://wwwn.cdc.gov/nchs/nhanes/2007-2008/PAQ_E.htm
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Figure 2: Physical Activity Sample Question for Moderate Activity
Source: http://wwwn.cdc.gov/nchs/nhanes/2007-2008/PAQ_E.htm
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Dietary Intake Data
Part of NHANES includes collecting dietary information by interview. The interview is
an in-person 24-hour dietary recall taken in the MEC by a trained dietary interviewer.46 The
protocol for these interviews is detailed in the MEC In-Person Dietary Interviewers Procedure
Manual47 and includes questions, probing follow-ups, lists of foods, and measurement
information (Figures 3 and 4). This recall is inclusive of all food and beverages consumed in the
24-hour range (midnight to midnight) of the day prior to the interview being conducted. After the
interview is complete, participants are asked about salt consumption, whether their intake for the
day in question was typical of other days, and if they follow a special diet. The database of
information collected can be used in a variety of ways, such as this study, to look at dietary
intakes of populations including eating patterns, nutrient breakdown, total energy consumption,
and sources of food. Out of the vast amount of dietary data collected through NHANES, the
MyPlate equivalents data were used for this research question. MyPlate equivalents are a way of
assigning various serving sizes of commonly consumed foods to their ounce or cup equivalents
in order to simplify the public’s ability to eat as defined by the Dietary Guidelines. For example,
adults are advised to consume 3 cups of dairy per day. One cup could come from 1 cup of milk
or 1.5 ounce of cheese. 48
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Figure 3: Models to Determine Food Quantities
Source: http://www.cdc.gov/nchs/data/nhanes/nhanes_01_02/dietary_year_3.pdf
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Figure 4: Dietary Interview Sample Question
Source: http://www.cdc.gov/nchs/data/nhanes/nhanes_01_02/dietary_year_3.pdf
The reported intake of foods from the interview is converted to food pattern (FP)
components. There are 37 FP which classify intake as cup equivalents of fruit, vegetable, dairy;
ounce equivalents of grains, proteins; teaspoon equivalents of added sugars, gram equivalents of
solid fats, oils; and number of alcoholic beverages.49 This allows dietary intake to be simplified
and comparable to the Dietary Guidelines for Americans 2010 (DGA2010) recommendations.
To answer the research question, Healthy Eating Index (HEI) diet quality scores were
computed based on the updated HEI 2010 guidelines.50 HEI was used to quantify diet
healthfulness with a score for these groups. HEI is a method of scoring dietary intake to measure
compliance to the USDA’s dietary recommendations. Twelve diet components are assessed in
the overall score (Table 1). A maximum score is 100. Higher scores indicate healthier overall
eating and better compliance to Dietary Guidelines as compared to lower scores. This
22

straightforward approach to assess healthful eating and dietary habits will be utilized to quantify
differences in eating quality for the groups of exercisers.
Table 1: Healthy Eating Index 2010 Components and Scoring. Source:
http://www.cnpp.usda.gov/sites/default/files/healthy_eating_index/CNPPFactSheetNo2.pdf

Dietary Component

Maximum
Points

Standard for
Maximum Score

Standard for Minimum
Score

HEI 20101
Adequacy
Total Fruit2

5

≥0.8 cup/1,000 kcal

No Fruit

Whole Fruit3

5

≥0.4 cup/1,000 kcal

No Whole Fruit

Total Vegetables4

5

≥1.1 cup/1,000 kcal

No Vegetables

Dark Green and Legumes4

5

≥0.2 cup/1,000 kcal

Whole Grains
Dairy5
Total Protein Foods6
Seafood and Plant
Proteins6,7
Fatty Acids8

10
10
5
5

≥1.5 cup/1,000 kcal
≥1.3 cup/1,000 kcal
≥2.5 oz./1,000 kcal
≥0.8 oz./1,000 kcal

10

(PUFAs +
MUFAs)/SFAs >2.5

No Dark Green Vegetables
or Legumes
No Whole Grains
No Dairy
No Protein Foods
No Seafood or Plant
Proteins
(PUFAs + MUFAs)/SFAs
>1.2

Moderation
Refined Grains

10

Sodium

10

Empty Calories9

20

≤1.8 oz. equiv. per
1,000 kcal
≤1.1 gram/1,000
kcal
≤20% of energy

≤4.3 oz. equiv. per 1,000
kcal
≥2.0 grams/1,000 kcal
≥50% of energy

1 Intakes between the minimum and maximum standards are scored proportionately.
2 Includes fruit juice.
3 Includes all forms except juice.
4 Includes any beans and peas (called legumes in HEI-2005) not counted as Total Protein Foods (called Meat and
Beans in HEI-2005).
5 Includes all milk products, such as fluid milk, yogurt, and cheese, and fortified soy beverages.
6 Beans and peas are included here (and not with vegetables) when the Total Protein Foods (called Meat and Beans
in HEI- 2005) standard is otherwise not met.
7 Includes seafood, nuts, seeds, soy products (other than beverages) as well as beans and peas counted as Total
Protein Foods.
8 Ratio of poly- and monounsaturated fatty acids to saturated fatty acids.
9 Calories from solid fats, alcohol, and added sugars; threshold for counting alcohol is >13 grams/1000 kcal
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Total scores as well as scores for individual nutrition components were assessed. When
computing the total protein and total vegetable scores, legumes were allocated to protein until
protein needs were met and any remaining legume intake was allocated to the vegetable
category.
Statistical Analysis
To describe the diet quality of each activity group, means, standard deviations, and
standard errors were generated for each of the 12 Healthy Eating Index dietary components as
well as the overall HEI scores. Statistically significant differences between groups were
determined using one-way ANOVA with p<0.01. Significance between groups of exercisers for
each dietary component was calculated using post-hoc bonferroni correction. To analyze the
NHANES data on the selected population, SPSS Complex Samples version 21.0 was used to
account for complex sampling methods used in the sample selection. This version of SPSS
Complex Samples conducts statistical testing based on the actual sample size; however, it also
corrects for the oversampled NHANES populations to prepare nationally representative
population estimates. The CDC generates weights to estimate the number of people each person
represents in the US based on the demographic criteria used for sampling. Oversampled
populations included minorities, low income, young children, older adults, and pregnant women,
which factor into the weighting scheme. The weighted data represents the total US population
(216,698,635). Analyses were conducted using Complex Samples that shift the means/percents
to the population level by buffering the contribution of oversampled groups and increasing the
contributions of under sampled groups based on the weights generated by the CDC. SPSS
Complex Samples also computes p-values without using 216 million Americans as the sample
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size. The standard error (standard deviation/sample size), using 216 million instead of 11,167
would artificially shrink the standard errors resulting in much smaller p-values, creating artificial
significance where none exists. Complex Samples runs the statistics with the population mean,
but computes the standard errors with a population standard deviation but the original sample
size (11,167, not 216 million). This helps control that problem of a “population-based analysis.”
Correlation between HEI and minutes of physical activity was performed using linear regression
analysis with p<0.01 and variance measured by R squared value.
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Chapter 4: Results
After screening for minutes of time spent being physically active, the total sample was
broken down into three groups: sedentary (n=6,240), moderately physically active (n=3,480),
and meets or exceeds physical activity guidelines (n=1,447). Table 2 shows mean minutes of
physical activity per day by group with standard deviations. While the total population sampled
is 11,167, this is representative of a weighted US population size of 216,698,635. The sedentary
group represented a weighed population of 103,683,030 individuals; the moderate PA group
represented 78,112,223 individuals; and the meeting or exceeding PA group represented
34,903,382 individuals.
Table 1 and 4 and Figures 5 show that total fruit, seafood and plant proteins, and empty
calories scores were significantly different between the sedentary group and both groups of
physically active individuals (p<0.01); no difference was seen between the two physically active
adult groups (p>0.01). For total vegetables, the moderately active adults had significantly higher
HEI scores than the adults who were sedentary and meeting/exceeding PA guidelines; there was
no significant difference between the sedentary group and meeting/exceeding PA guidelines
group. There was no significant difference of HEI score between the three groups for intake of
whole fruit, greens and beans, whole grain, dairy, fatty acids, refined grains, sodium, or total
protein. For total HEI scores of diet quality, the sedentary group had significantly lower scores
than both the PA groups; however, no difference existed between the PA groups.

26

Table 2: Mean and SD Minutes Spent Physically Active Per Exercise Category.
SD indicates standard deviation.

No exercise
Minutes moderate recreational
activities
Minutes vigorous recreational
activities
Total min physical activities
(2x Vig min)

Exercise category
Meets or exceed PA
Moderate exercise
guidelines
Mean
SD
Mean
SD

Mean

SD

0.0

0.0

40.3

31.6

97.8

0.0

0.0

11.5

19.5

0.0

0.0

63.2

36.7

Total
Mean

SD

94.5

30.0

54.5

84.6

66.2

17.5

41.2

266.9

123.5

65.0

106.7

Table 3: Mean and SD HEI Component Scores Per Exercise Group.
Data presented as mean (Standard Deviation)

2010 Healthy Eating Index
Scale Scores (range)
Total Fruit (0-5)
Whole Fruit (0-5)
Total Vegetables (0-5)
Greens and Beans (0-5)
Whole Grains (0-10)
Dairy (0-10)
Total Protein Foods (0-5)
Seafood and Plant Proteins
(0-5)
Fatty Acids (0-10)
Refined Grains (0-10)
Sodium (0-10)
Empty Calories (0-20)
Total Mean 2010 HEI Score
(0-100)

Total
2.2 (2.1)
2.2 (2.3)
3.1 (1.7)
1.3 (2.1)
2.4 (3.2)
5.2 (3.4)
4.2 (1.3)

No
Exercise
N=6,420
2.0 (2.1)
1.9 (2.2)
3.0 (1.7)
1.2 (2.1)
2.0 (3.0)
4.9 (3.5)
4.2 (1.3)

Moderate
Exercise
N=3,480
2.5 (2.1)*
2.4 (2.3)*
3.2 (1.6)*
1.5 (2.2)
2.8 (3.3)
5.5 (3.4)
4.3 (1.3)

Meets or
exceeds
guidelines
N=1,447
2.4 (2.1)*
2.2 (2.3)
3.0 (1.6)**
1.3 (2.1)
2.4 (3.2)
5.3 (3.4)
4.2 (1.4)

2.0 (2.2)
4.9 (3.6)
6.0 (3.7)
4.4 (3.6)
10.3 (6.9)

1.7 (2.1)
4.9 (3.7)
6.0 (3.7)
4.5 (3.6)
9.5 (6.9)

2.3 (2.3)*
4.9 (3.6)
6.1 (3.6)
4.1 (3.5)
11.2 (6.7)*

2.1 (2.2)*
5.0 (3.7)
6.1 (3.6)
4.5 (3.5)
10.9 (6.7)*

<0.001
0.644
0.801
0.145
0.006

48.2 (15.1)

45.9 (14.4)

50.7 (15.5)*

49.4 (15.5)*

<0.001

p
0.001
0.013
0.001
0.083
0.043
0.017
0.39

*Significantly different from No Exercise group (p<0.01)
**Significantly different from Moderate Exercise group (p<0.01)
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Figure 5: Mean HEI Scores by HEI Component +/- SEM
Error bars indicate standard error of the mean (SEM). Significance determined at p<0.01 as
shown in Table 3 and 4.
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Figure 6: Total Mean HEI +/- SEM
Error bars indicate SEM. Significance determined at p<0.01 as shown in Table 3 and 4.
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Table 4: P-values for HEI Component Scores
P-values calculated using one-way ANOVA. Post-hoc Bonferroni significance values are
provided to compare between PA groups with overall ANOVA p-values <0.01.
One-way
ANOVA
with
multiple
comparisons
2010 Healthy Eating
Index Scale (range)
Total Fruit (0-5)

Bonferroni significance

0.001

NE vs
Moderate
<0.001

NE vs
Meets/Exceeds
0.001

Moderate vs
Meets/Exceeds
0.443

Whole Fruit (0-5)

0.013

-

-

-

Total Vegetables (0-5)

0.001

<0.001

1

0.001

Greens and Beans (0-5)

0.083

-

-

-

Whole Grains (0-10)

0.043

-

-

-

Dairy (0-10)

0.017

-

-

-

Total Protein Foods (0-5)
Seafood and Plant
Proteins (0-5)
Fatty Acids (0-10)

0.39

-

-

-

<0.001

<0.001

<0.001

0.158

0.644

-

-

-

Refined Grains (0-10)

0.801

-

-

-

Sodium (0-10)

0.145

-

-

-

Empty Calories (0-20)
Total 2010 HEI Score (0100)

0.006

<0.001

0.006

0.91

<0.001

<0.001

<0.001

0.202

p
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Figure 7 depicts the relationship between total time spent being physically active and the
total HEI scores. Blue points represent sedentary individuals, green are moderately active and
gold meet or exceed PA guidelines. There is too much variability in HEI within groups to
support a strong linear correlation analysis of the two variables: p<0.01 and R2=0.0025, although
a correlation exists. This shows a significant (p<0.01) correlation between the two variables, but
also that they are not strong predictors of each other. The line of best fit poorly predicts HEI
score based on time spent physically active. Physical activity time only explains 0.3%

Total Time (min) Spent Being Physically Active

(R2=0.025) of the variance in HEI.

Figure 7: Scatterplot of Total Time Spent Physically Active vs. HEI
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Chapter 5: Conclusions and Discussion
The results are consistent with hypothesis one: those engaged in any amount of physical
activity (PA) will have a significantly higher total Healthy Eating Index (HEI) score and better
overall diet quality than those engaged in no exercise. There was a significant difference in total
HEI scores between those who engage in no PA and those engaged in at least some PA
(p<0.001); meaning active adults consume a diet of slightly higher quality than their adult peers
who are sedentary. There are many possible reasons for this significant difference. One reason
may be that if a person is involved in their physical well-being, that person is likely to also be
involved in their nutritional well-being. Focusing on being physically active is likely to lead to
being more focused on overall improved health, including consuming a more healthful, highquality diet. This could also be considered in the other direction: those who eat better in the first
place might feel healthier, more energized, and more likely to engage in physical activity.
Further research regarding the scenarios of which comes first, PA causing better eating or better
eating causing increased PA could lead to a better understanding of healthy lifestyle predictors.
This study saw a difference between no PA and PA which spurs the thought that if individuals
engaged in some PA pay more attention to their diet quality, then those doing the most PA would
logically be eating the most healthfully. This concept was predicted, however, when exploring
data of individual HEI components that was found to not be the case.
Knowing that adults who are living a sedentary lifestyle have a poorer overall diet quality
than their active peers means health professionals can target this group more effectively, possibly
recommending small amounts of PA in addition to diet changes for these adults. This may in part
promote better quality diet choices. Future research could be done to look at this relationship
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more closely to see if minimal PA could be a predictor of better diet quality. A second, potential
implication of this research is that adults involved in high amounts of PA do not eat better than
their moderately active counterparts. It may be important for these adults to better understand the
true effectiveness of how their PA affects overall health. Educating on types of PA
(occupational, leisurely, work, play, sport, exercise), intensity, calorie burn, calorie intake, and
nutrient density could be beneficial for this group to improve their understanding of intake vs.
output.
Findings were only partially consistent with the second portion of hypothesis one: those
engaged in moderate or vigorous PA will have significantly better scores for specific diet
components of the Healthy Eating Index––higher consumption of fruit, whole grains, green
vegetables, and lower consumption of sodium, added sugar, and fatty acids––than the no PA
group. Once values for individual HEI score components were evaluated, the breakdown of
individual diet component scores between the groups did not fit into a consistent pattern of diet
quality and appeared random. This leads us to question whether there is a problem with the
component breakdown itself and highlights the need to further investigate the eating habits of
physically active people to distinguish why their eating habits do not match up with the notion
that those who are more active do not appear to eat the healthiest diets in specific dietary
components.
Specifically, the moderate PA group had higher mean scores for 4 of the 12 HEI dietary
components compared to the sedentary group and had a higher mean score for consumption of
total vegetables compared to the meets/exceeds PA group. The group meeting/exceeding PA
guidelines had higher mean scores for only 3 of the 12 HEI dietary components as compared to
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the sedentary group, and none of the 12 mean scores indicated better quality than the moderate
activity group. Specifically, the moderate PA group showed significant difference (p<0.001) in
better intake of vegetables as compared to the no PA and meets/exceeds PA groups. Nonexercisers may eat fewer vegetables due to less concern with overall health. On the flip side, it is
a real possibility that those who engage in higher amounts of PA disregard vegetables as not
being caloric enough to meet their activity needs. This could also be attributed to the notion that
vegetables are fibrous foods and intake of such can create gastric distress such as bloating and
gas. Symptoms such as these can make being physically active difficult and uncomfortable;
therefore these foods may be avoided by individuals who are very physically active. When
looking at the sodium component, hypothesis two predicted lower intake in the active individuals
but no significant difference was found. This could be due to active individuals fueling and
hydrating with sport specific nutrition that contains higher levels of sodium for electrolyte
balance. Another component that merits further exploration is whole grain intake. Again,
hypothesis two predicted that active individuals would consume significantly more whole grains
than their sedentary peers; however, no significant difference was found. It is possible that there
is a larger divide in carbohydrate intake in physically active individuals: more simple
carbohydrates (milk, sport foods) to fuel energy levels and more complex carbohydrates from
sources not falling into the grain category (legumes, starchy vegetables, pseudo-grains like
quinoa) to balance out their overall diet.
A possible reason for the discrepancy between what was predicted in hypothesis two and
the results found could be attributed to the categorization of foods into misleading categories.
For example the recording of ketchup or French fries as vegetables could skew the results
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regarding what is actually considered a healthful, high-quality diet. The categories of the HEI
itself are therefore a limiting factor in looking at the healthfulness of diets. Because this
information is obtained via diet recall by trained professionals, the questioned individual is not at
risk for placing foods into incorrect categories (tomato as fruit or vegetable), and therefore, user
error is not considered a factor that could influence results.
Those engaged in moderate PA ate a diet that is of better quality than the sedentary
group. Although the moderate PA group also had a better score for total vegetables than the
sedentary and meets/exceeds PA guidelines groups, this did not result in a higher overall diet
quality for moderate exercisers over those meeting or exceeding PA guidelines. This indicates
that while any PA is better than no PA when it comes to diet quality, more PA isn’t necessarily
better.
Although there was a small difference in the mean total HEI scores of the three groups,
sedentary (45.9), versus moderate PA (50.7), and meets/exceeds PA guidelines (49.4), all three
groups scored relatively poorly. On the HEI scoring system, a diet score of 80–100 indicates a
quality diet, and no group scored in this range. A score between 50 and 80 points means the diet
needs improvement, the moderately active individuals scored in this range. Scoring less than 50
represents low diet quality. The sedentary and most physically active groups scored in this range
of low quality with the moderate group just barely meeting the needs improvement range.
Although the moderate group appeared to fall into a better category of diet quality by this scoring
system, it is not a significant separation from the highly physically active group. The low mean
HEI totals for all three groups highlighted the poor diet quality American adults are known to
have and the immense need to promote a more healthful intake over the population as a whole.
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Using the dataset as a whole to find a correlation between total time spent engaged in PA
and total mean HEI scores, although there is a high degree of variability presented, a significant
correlation (p<0.01) between the two still exists. This significant positive relationship highlights
the importance of being physically active and provides insight into how activity could potentially
affect diet choices or vice versa. This study used pre-established Physical Activity Guidelines for
American adults. It is possible that examining tighter groups of time spent being physically
active, such as 30-minute increments, would result in more distinguished separation of eating
habits. However, by looking at figure 7, we see that time spent being physically active only
accounted for a fraction of overall factors that influence the total HEI score, and therefore, it
cannot be used alone to predict better diet quality, but it has potential to be used along with other
factors that may positively affect HEI scores. Research should be expanded to discover other
factors that may be more influential on the total HEI score. By discovering the factors having the
largest impact on total HEI, education can be targeted to have the greatest potential at increasing
the overall quality of diet in adults.
A major limitation to this study was the inability to distinguish between physical activity
and exercise. While exercise is generally referred to when discussing a healthy life, it is a term
that differs from the data analyzed. Exercise is a subset of physical activity that is specifically
done to maintain and/or improve health and fitness. For example, one who jogs daily to improve
blood pressure would be engaged in exercise. The data taken from NHANES encompasses all
physical activity including daily activities such as commuting to work and labor on the job.
Movement like this is considered physical activity, but not specifically defined as
exercise. Because of this, recommendations to exercise based on these findings are a specific
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example of how the data can be applied. Advising people to move more in any capacity to
increase overall physically activity is a more accurate, but extremely general way to apply the
PA recommendations.
Continued follow-up research using the latest NHANES datasets can be used to highlight
shifts in these trends over time, and would provide a useful tool for health professionals when
making recommendations for American adults.
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